Abstract. We studied the association between RBP4 and various markers related to insulin resistance and diabetic complications as well as inflammatory markers in Saudi population suffering from type 2 diabetes and coronary heart disease. Patients with type 2 diabetes were divided into 3 groups according to the type of treatment and involvement of coronary artery disease. Serum RBP4, TNF-α, insulin, CRP, resistin, leptin and adiponectin were analysed in all samples. RBP4 levels increased significantly in the group of diabetic subjects treated with oral hypoglycemic agents and diabetic patients with coronary heart disease (30.2 ± 11.8; 33.4 ± 13.6 respectively), while there was no significant change in the other group for diabetic subjects on low-carbohydrate diet (25.1 ± 10.9) compared to control group (22.6 ± 9.5). RPB4 levels were positively correlated with TNF-α in the group of diabetic subjects on oral hypoglycemic agents and diabetic patients with coronary heart disease (r = 0.52, P < 0.05; r = 0.58, P < 0.05 respectively). No correlations were found between RBP4 levels and insulin resistance in all studied groups. Our findings suggest that serum RBP4 levels is associated with pro-inflammatory cytokine (TNF-α) and is not associated with insulin resistance among patients with type 2 diabetes and coronary heart disease.
Introduction
Obesity, characterized by excess accumulation of adipose tissue, is the most common risk factor for the metabolic syndrome, a cluster of dyslipidemia, insulin resistance, hypertension, and atherosclerosis [1] .
RBP4 is the specific carrier protein for retinol (vitamin A) in the blood. It is not a recently described protein; one of the earliest descriptions appeared back in 1987 [2] . RPB4 secreted primarily from the liver and adipose tissue, was recently identified as a novel adipokine which is involved in the modulation of glucose metabolism [3] . Expression of RBP4 was elevated in mice adipose tissue lacking GLUT4, which results in insulin resistance in muscle and the liver [3, 4] . However, data in humans are controversial and less clear, some previous studies have shown that RBP4 levels were increased in the subjects with type 2 diabetes (T2DM) [5, 6] . Recently, Graham and colleagues reported that increased levels of RBP4 were associated with the magnitude of insulin resistance in subjects with obesity, impaired glucose tolerance or T2DM [7] . In contrast, other observations from obese subjects suggest a differential regulation of RBP4 in animals and humans and also a different physiological role [8] . It has been hypothesized that elevated RBP4 levels in type 2 diabetic subjects may reflect elevated levels of LDL cholesterol instead of insulin resistance [8, 9] . It has been reported that circulating RBP4 concentrations remain similar in lean, overweight, and obese women, suggesting that methodological differences including techniques used and differences in the population studied may account for the discrepancies [8] . Moreover, plasma RBP4 levels were highly correlated with obesity and insulin resistance in some previous studies [7] [8] [9] [10] , while few showed no relationship between plasma RBP4 and insulin resistance [8] [9] [10] [11] . Inflammatory molecules including TNF-α are expressed and up-regulated in adipose tissue of the obese state including type 2 diabetes [12] . In human adipocytes, RBP4 production is down regulated by the pro-inflammatory cytokine TNF-α [13] .
Clearly, considerable work is required to study the role of RBP4 in obesity, diabetes and cardiovascular disease. Accordingly, the aim of this study is to investigate the association between RBP4 and various markers related to insulin resistance and diabetic complications as well as inflammatory markers in Saudi population suffering from type 2 diabetes and coronary heart disease.
Methodology

Patients and methods
A total of 137 adult Saudis who were attending the outpatient department of the Diabetes Research Unit of King Abdul-Aziz University Hospital, Riyadh, Kingdom of Saudi Arabia were recruited in this crosssectional study. Each participant was given a generalized questionnaire which included personal information and past and present medical history. Four different cohorts of patients were studied based on the clinical findings (Clinical history, ECG tracing, list of medications, glycemic control, etc.) of the physician: (1) 31 patients with type 2 diabetes on low-carbohydrate diet (DM on diet); (2) 38 patients with type 2 diabetes on oral hypoglycemic agents (DM on OHG); (3) 29 patients with type 2 diabetes and CHD (DM+CHD); (4) besides 39 healthy controls without history of CHD or type 2 diabetes. Patients of group 2 were on metformin and thiazolidinediones. Aside from the OHG mentioned, patients of group 3 were on lipid-lowering agents (statins) and anti-hypertensive medications. Diagnosis of diabetes was established if the patient had: 1) prior diagnosis of type 2 diabetes mellitus; 2) fasting plasma glucose (FPG) was > 7.0 mmol/L and/or if taking oral hypoglycemics; 3) clinical manifestations of diabetes (polydipsia, polyphagia, polyuria) and/or 2-hour oral glucose tolerance test (OGTT) 11.1 mmol/L for asymptomatic patients with elevated FPG. Subjects with HBA1c > 11% were excluded from the study. All participants underwent complete physical examination, including blood pressure, height, weight, waist and hip measurements. BMI was calculated as weight in kilograms divided by height in squared meters. They also submitted fasting blood samples, the lipid profiles of which were measured, including fasting plasma glucose under routine laboratory procedures.
Serum RBP4 was measured by an enzyme-linked immunosorbent assay (Immun-Diagnostik AG, Bensheim, Germany). Serum insulin was analysed by sandwich ELISA (BioSource Europe S.A., Nivelles, Belgium). Homeostasis model assessment-insulin resistance (HOMA-IR) was derived using the HOMA equation [14] . Serum resistin and adiponectin were measured using the commercially available ELISA kit by Linco Research (St Charles MO-63304-USA). Serum TNF-α and leptin were measured by ELISA kit (R&D systems, Minneapolis, USA). Serum CRP were analysed by sandwich ELISA (Immundiagnostik AG, Bensheim, Germany). Written consent and approval were obtained prior to being included in the study. Ethical approval was granted by the Ethics Committee of the College of Medicine and Research center of King Saud University, Riyadh, Kingdom of Saudi Arabia, prior to the research proper.
Statistical analysis
SPSS version 11.5 (Chicago, Illinois) for Windows was used for the statistical evaluation of the results obtained. All data are presented as mean ± SD since all variables of interest were normally distributed. Analysis of variance was performed to compare the variables in the studied groups. Post-hoc analysis (Bonferroni) was also done to compare individual groups. Simple and partial correlation coefficients between the variables were determined and multiple regression analysis was performed to determine the relationships between the variables of interest. Power calculations were also 
22.6 ± 9.5 30. done for RBP4 analysis on available current literature examining patients with insulin resistance. A sample size of 67 has a sufficient power (1-β 0.80, α = 0.05) to detect relationships with medium effect size (r = 0.30) [15] .
Data were expressed as mean (SD) or median (range); statistical significance was set at p < 0.05. Table 1 summarizes the clinical and biochemical characteristics of the studied groups of type 2 diabetic subjects with or without coronary heart disease and healthy controls. In the group of diabetic subjects on oral hypoglycemic agents and diabetic patients with coronary heart disease, RBP4 plasma levels increased significantly (30.2 ± 11.8; 33.4 ± 13.6 respectively) compared to control group (22.6 ± 9.5) ( Table 1) while there was no significant change in the other group for diabetic subjects on low-carbohydrate diet (25.1 ± 10.9). HOMA-IR was significantly increased in all studied groups compared to controls. Adiponectin levels were significantly increased in group 2 and 3 (DM on OHG and DM + CHD respectively) as opposed to control and DM on diet group. RPB4 levels were positively correlated with TNF-α (Table 2) in the group of diabetic subjects on oral hypoglycemic agents ( Fig. 1 ) and diabetic patients with coronary heart disease ( Fig. 2) (r = 0.52, P < 0.05; r = 0.58, P < 0.05 respectively).
Results
No correlations were found between RBP4 level and insulin resistance in all studied groups. Analysis of Table 3 Significant predictors of RBP4 using stepwise linear regression the DM on OHG group showed a significant inverse relationship between BMI, Hips, CRP (r = −0.4, P < 0.05; r = −0.4, P < 0.05; r = −0.39, P < 0.05 respectively) and plasma RBP4. When all the subjects were considered for analysis there was a significant relationship between RBP4 and age (r = 0.17, P < 0.05), systolic BP (r = 0.19, P < 0.05), triglyceride (r = 0.28, P < 0.05), and total cholesterol (r = 0.2, P < 0.05).
A stepwise linear regression analysis (Table 3) including age, gender, BMI, triglycerides, total cholesterol, LDL cholesterol, HDL cholesterol, HOMA-IR triglycerides, TNF-α, CRP, adiponectin, leptin, and resistin as independent variables, revealed that triglycerides, HDL cholesterol and TNF-α were dependent contributors for increased plasma levels of RBP4(R 2 = 0.45; p < 0.001). For diabetic subjects treated with oral hypoglycemic agents; total cholesterol, resistin and age were dependent contributors for increased plasma levels of RBP4 (R 2 = 0.94; p < 0.001). For diabetic subjects on low-carbohydrate diet; adiponectin and TNF-α were dependent contributors for increased plasma levels of RBP4 (R 2 = 0.66; p = 0.002). While, for diabetic patients with coronary heart disease; TNF-α, HOMA-IR were dependent contributors for increased plasma levels of RBP4 (R 2 = 0.63; p = 0.02).
Discussion
The present study is the first to investigate RBP4 plasma levels in diabetic patients differentiated accord-ing to the type of treatment (either oral hypoglycemic drugs or low carbohydrate diet). A striking observation of our study was that in the group of diabetic patients treated with oral hypoglycemic drugs and diabetic patients with coronary heart disease, RBP4 levels increased significantly while in the group of diabetic patients treated with low carbohydrate diet RBP4 levels was similar to that of controls. Our data suggest that low-carbohydrate diet is useful in lowering RPB4 levels in diabetic patients. Recently, it has been observed that exercise and weight loss have been reported to decrease both RBP4 levels and insulin resistance [7] . Similarly it has been observed that plasma levels and adipose tissue mRNA expression of retinolbinding protein 4 are reduced during calorie restriction in obese subjects [16] .
RBP4 is a member of the lipocalin protein family. This is a group of proteins with a rather small molecular weight that have been studied as biomarkers of different diseases [17] . The adipokine RBP4 has recently been shown to link obesity and insulin resistance in rodents [7] . In humans, however, the role of RBP4 is still controversial. Some previous studies demonstrated that RBP4 is associated with insulin resistance [7, 10, 18] ; and that single nucleotide polymorphism in the RBP4 gene is also associated with type 2 diabetes in human subjects [19] , on the other hand, some reports have revealed that the RBP4 level is not correlated with obesity [20] . Recently, a three year longitudinal study also showed that plasma retinol-binding protein is not a marker of insulin resistance in overweight subjects [21] . Our results were in accordance with previous studies showing no correlation between RPB4 and insulin resistance. The lack of association suggests other factors not included in this study such as renal function, as it was reported that renal insufficiency is the causative mechanism that elevates RBP4 levels among diabetics and not necessarily obesity and insulin resistance [22] . Furthermore, it was reported that plasma RBP-4 gene expression is associated with GLUT4 mRNA expression in adipose tissue and not with insulin resistance [8] . Renal function together with insulin resistance is affected with advancing age, which can also explain the lack of association among the younger control group in this study.
Treatment with thiazolidinediones has been shown to consistently increase levels of adiponectin [23] . This explains why the adiponectin levels in group 2 and 3 (DM on OHG and DM + CHD respectively) were elevated as opposed to control and DM on diet group.
There is some evidence that tumor necrosis factora (TNF-α) expression is increased in the muscle and adipose tissue of obese humans and patients with type 2 diabetes when compared with lean individuals [24] [25] [26] , although not all studies are concordant [27] . It has been shown that TNF-α strongly down regulates RBP4 production in adipocytes [13] , a completely unexpected effect, as TNF-α-treated adipocytes are insulin resistant [28] . Our results showed positive correlation between RBP4 and TNF-α in the studied groups which have significant higher levels of RBP4 compared to controls (diabetic subjects on oral hypoglycemic agents and diabetic patients with coronary heart disease). Consistent with our results, it has recently been shown that adipose tissue RBP mRNA levels correlated positively with levels of TNF-α mRNA of plasma and skeletal muscle origin, suggesting that TNF-alpha may have a role in RBP-mediated adipose to muscle cross talk [29] .
It was reported that quantitative western blotting reports RBP4 concentrations with the least overlap between insulin-sensitive and insulin-resistant subjects. Although sandwich ELISA reports RBP4 concentrations that inversely correlate with insulin resistance, but values in normal subjects are higher than expected [30] . The authors acknowledge several limitations such as lack of cross validation of the ELISA method used in measuring RBP4 levels using quantitative western blotting, the absence of measurement of adipocytokines and inflammatory markers for patients on baseline before taking any treatment or having low carbohydrate diet. Although the sample sizes were adequate for the analyses undertaken, a much larger population would be required to assess RBP4 levels in patients with coronary heart disease. Also, due to small sample size, subjects in the studied groups were not age matched. In conclusion, our findings suggest that serum RBP4 levels are associated with pro-inflammatory cytokine (TNF-α) and not with insulin resistance among patients with type 2 diabetes and coronary heart disease.
